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UH-SOA 


CHAPTER  1 


introduction 

\ 

\ 

\ 1.  PURPUSE 

The  purpose  for  preparing  this  handbook  series  Is  fourfold-  {a)  to 
validate  BLACKHAWK  performance  data  quickly,  (b)  to  reduce  the  manpower 
and  time  to  prepare  accurate  flight  profiles,  (c)  to  standardize  per- 
formance data  so  that  the  analysis  community  can  benefit  from  a single 
reference  in  conducting  studies  and  (d)  to  provide  a handbook  that  can 
be  used  for  training  in  the  mission  profile  plannina  area. », 

2.  BACKGROUND 

The  BLACKHAWK  performance  data  contained  In  this  Flight  Profile  Performance 
Handbook  (FPPH)  series  was  originally  acquired  as  a data  base  for  the 
Aircraft  Mission  Processing  Simulation  (AMPS)  model.  AMPS  is  a computer 
program  developed  by  the  Aviation  Systems  Analysis  Branch  of  the  US  Army 
TRAUOC  Systems  Analysis  Activity  (TRASANA)  to  support  Cost  and  Operational 
Effectiveness  Analyses  (COEAs).  AMPS  generates  detailed  flight  profiles 
for  a wide  variety  of  helicopter  missions.  The  data  was  provided  TRASANA 
by  the  Army  Aviation  Research  and  Development  Command  (AVRADCOM)  and  was 
the  most  accurate  data  available  to  AYR ADC CM  at  the  time  of  handbook 
publication.  In  structuring  the  data  base  for  AMPS  it  was  noted  that 
the  data,  whan  properly  organized,  could  provide  a method  of  doing  quick 
ana  simple  flight  profile  simulations.  This  volume  presents  the  BLACK- 
HAWK data  and  explains  how  it  can  be  used. 

3.  OBJECTIVES  OF  THE  HANDBOOK 

a.  Data  Validation.  This  volume  of  the  handbook  contains  tables 
with  the  precise  performance  data  and  format  required  to  develop  flight 
profiles  for  computer  simulations.  Using  the  handbooks  as  a reference, 
the  individual  pr  ject  manager  (PM)  will  be  able  to  quickly  validate  or 
update  as  required  all  associated  data  contained  in  the  different  tables. 

If  this  procedure  is  followed  by  the  various  PMs,  support  of  Helicop.er 
CUEAs  and  other  analyses  can  be  efficiently  Implemented. 

b.  Flight  Profile  Development.  Much  of  the  manpower  and  time  spent 
in  preparing  flight  profiles  for  supporting  aircraft  COEAs  is  dedicated 
to  look-up,  correlation  and  validation  of  performance  data.  Unce  the 
procedure  contained  in  this  handbook  is  implemented,  flight  profiles  can 
be  easily  prepared.  What  normally  took  one  man  4 to  5 days  to  prepare 
can  now  be  prepared  in  3 to  4 hours. 


c.  Standardization  of  Performance  Data.  Each  of  the  PMs  has  been 
contacted  by  AVRADCOM  to  validate  the  performance  data  contained  in 
each  handbook  in  this  series.  Once  each  handbook  is  published,  the 
data  contained  will  be  kept  current  as  of  the  publication  data.  Since 
the  requests  tor  current  Information  are  constantly  being  forwarded  to 
the  PMs  by  analysis  groups,  this  handbook  can  be  a reference  and  assure 
a commonality  in  studies  within  the  community. 

d.  Training  for  Planning  Missions  and  FI ight  Profi les.  For  training 
purposes  each  handbook  can  stand  alone.  It  is  dnTy~a  matter  of  following 
the  example  provided  and  applying  the  proper  data  to  fit  the  flight 
profile  desired.  Although  the  example  shown  is  simplistic,  the  methodo- 
logy may  be  expanded  to  apply  to  any  flight  profile  r>o  matter  how  complex. 

4.  OTHER  VOLUMES 


f h 1 s handbook  is  one  of  a series  that  covers  the  helicopters  in  the  US 
The  comp’ete  set  of  handbooks  and  their  subjects  are: 

- FPPH  Description 

- UH-toUA  (BLACKHAWK) 

- AH-lti  (COBRA) 

- AH- IS  (COBRA) 

- YAH-b4  (Advanced  Attack  Helicopter  LAAHj) 

- UH-bbC  (KIOWA) 

- CH-47  (CH1NUUK) 

- CH-b4  (TARHE) 

- UH-1H  (HUEY) 


Army  Inventory 

Volume 

I 

Volume 

II 

Volume 

III 

Volume 

IV 

Volume 

V 

Volume 

VI 

Volume 

VII 

Volume 

VII 

Volume 

IX 

b.  UF.NERAL  HANDBOOK  DESCRIPTION 


a.  Performance  Data.  The  data  contained  in  these  volumes  is  BLACKHAWK 
performance  data  compiled  from  the  results  of  actual  experiments.  It  is 
not  engineering  data  and  is  not  Intended  to  serve  as  a base  for  future 
helicopter  construction  or  acquisition.  The  more  mature  the  helicopter 
becomes,  the  less  likely  there  will  be  a change  in  the  basic  performance 
data. 


i 


o.  Handbook  Organization.  This  volume  Is  or;o  of  a series  of  volumes 
as  Identified  In  paragraph  4 above.  Volume  lisa  description  of  the 
methodology  used  to  develop  the  tables  for  each  of  the  other  volumes. 

This  volume  and  all  other  volumes  except  yolume  I provides  a simplified 
flight  profile  example  in  Chapter  2.  Chapter  3 provides  an  explanation 
of  each  of  the  five  types  of  data  tables  contained  In  the  handbook. 

The  five  types  of  tables  deal  with:  (1)  Basic  Fuel  Flow  Data,  (2)  Delta 
Fuel  Flow  for  Drag  Data,  (3)  Ground  Idle  Fuel  Flow  Data,  (4)  Gross  Weight 
Limits  Data  and,  (5)  Velocity  Limits  data.  Chapter  4 contains  the  actual 
tables  to  be  used  for  developing  flight  profiles. 


CHAPTER  2 


FLIGHT  PROFILE  EXAMPLE 


1 . GENERAL 

This  chapter  provides  an  example  of  how  to  develop  a flight  profile, 
albeit  simple,  that  can  be  extended  to  cover  any  nunber  of  stops,  loads 
and  distances  all  depending  on  helicopter  capability  and  fuel  available. 

2o  DISCUSSION 

a.  The  main  question  this  example  of  a flight  profile  will  answer 
is,  "Do  I have  enough  fuel  to  fly  the  proposed  mission?" 

b.  Suppose  a pilot  Is  to  fly  a simple  resupply  mission  in  a UH-60A 
(BLACKHAWK)  helicopter  that  calls  for  flying  (as  shown  in  Illustration 
2-1)  from  point  A (the  air  base),  to  point  B (the  pick  up  area)  to  point 
C (the  drop  off  area)  and  return  to  A. 


B 


II  lustration  2-1 

c.  The  other  information  given  Is  airspeed  (AS)  from  A to  B which 
i s to  be  70  knots  (kts),  from  B to  C 40  kts,  and  from  C to  A 70  kts. 

The  BLACKHAWK  helicopter  is  to  be  flown,  at  4,000  ft  for  all  legs  at  an 
ambient  temperature  of  15°C,  and  an  Idle  altitude  for  take  off,  pick-up 
and  drop  off  areas  (ground  level)  of  2000  ft*.  The  mission  plan  also 
shows  10  minutes  idle  at  A before  take  off,  20  minutes  idle  at  B while 
loading,  20  minutes  Idle  at  C while  unloading  and  10  minutes  Idle  on 
return  to  A before  shut  down.  The  BLACKHAWK  will  be  flown  empty  at  a 
gross  weight  (GW)  of  12,000  lbs  from  A to  B and  from  C to  A,  while  the 
cargo  from  B to  C will  be  6,000  lbs. 


*All  altitudes  are  in  reference  to  sea  level . 
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d.  The  flight  plan  Is  prepared  by  drawl pq  up  a table  similar  to 
Table  2-1  below.  By  filling  In  the  blanks  ■ 'ider  fuel.  It  can  be  deter- 
mined If  the  total  Is  too  large  for  the  hel.ccpter. 

TABLE  2-1 

Helicopter:  BLACKHAWK 

Altitude:  4000  ft  flight/ 2000  ft  Idle 

Temperature:  15°C 


LEG 

Idle  (3  A 
A B 

Idle  O B 
B-C 

Idle  0 C 
C-A 

Idle  0 A 


e.  First  fill  In  Idle  0 A,  Idle  0 B,  Idle  0 C and  2nd  Idle  0 A 
since  they  will  all  come  from  Table  2-2.  In  each  case  the  idle  Is  at 
2 COO  ft  and  a temperature  of  15°C.  Consulting  the  ground  Idle  fuel 
shown  In  Table  2-2,  the  value  of  509  lbs/hr  Is  at  the  Intersection  of 
2000  ft  and  15°C. 

1st  Idle  0 A * 1/6  X 509  • 85  lbs 

Idle  0 B - 1/3  X 509  ■ 170  lbs 

Idle  0 C - 1/3  X 500  ■ 170  lbs 

2nd  Idle  0 A - 1/6  X 509  - 85  lbs 


DISTANCE 

AS 

- 

- 

70  N.M. 

70  kts 

- 

- 

80  N.M. 

40  kts 

- 

- 

140  N.M. 

70  kts 

- 

- 

TIME 

GW  (lbs) 

10  min 

- 

1 hr 

12,000 

20  min 

2 hr 

18,000 

20  min 

- 

2 hr 

12,000 

10  min 

- 

TABLE  2-2 


TABLE  2-3 


Notice  the  conversion  from  minutes  to  hours.  These  values  Must  be 
used  because  fuel  flow  1$  In  lbs/hr. 

f.  The  fuel  flow  for  the  three  legs  of  the  Mission  are  calculated 
next.  The  heading  on  Table  2-1  shows  a need  for  the  Basic  Fuel  Flow 
data  chart  for  the  8LACKHAWK  helicopter  flying  at  4000  ft  and  at  15*C 
ambient  temperature.  Table  2*3  contains  the  necessary  Information. 

(1)  Leg  A-S  Is  at  70  kts  and  12.000  lbs.  This  is  not  one  of  the  I 

values  given  but  60  kts  Is  594  ib/hr  and  80  kts  Is  597  ib/hr.  Interpolation  i 

gives  the  value  of  596  ib/hr  for  a 70  kts  airspeed.  Since  the  leg  Is  J 

one  hour  long:  | 

Leg  A-B  - I X 5%  - 596  lbs  j 

(2)  Lea  B-C  Is  at  40  kts  and  18,000  lbs.  This  value  Is  In  tho 

table;  832  Tbs/hr.  Since  the  leg  Is  two  hours  long:  j 

Leg  B-C  • 2 X 832  * 1664  lbs  j 

(3)  Leg  C-H  Is  at  70  kts  and  12,000  lbs.  Th1r  fuel  flow  rate  was  1 

computed  above  to  be  596  lbs/ hr.  Since  the  leg  Is  two  hours  long:  | 

Leg  C-A  - 2 X 596  - 1192  lbs.  J 

g.  The  flight  profile  can  be  finished  by  filling  In  Table  2-1  as  I 

shown  In  Table  2-4.  j 

TABLE  2-4 


Helicopter:  BLACKHAWK 

Altitude:  4000  ft  fl  lght/2000  ft  Idle 

Temperature:  1 5*C 


h.  Although  only  two  look-up  tables  were  used  for  this  example, 
each  type  of  table  has  several  conditions  that  are  changed  so  that  a 
wide  band  of  performance  pcrameters  can  be  addressed.  The  discussion  on 
each  of  the  five  types  of  tables  is  contained  In  Chapter  3.  A succlrct 
description  of  each  of  these  five  types  of  tables  Is: 

(1)  Basic  Fuel  Flow  Data:  Gives  the  rate  the  aircraft  uses  fuel 
dependent  on  the  given  flight  conditions. 

(2)  Delta  Fuel  Flow  for  drag  Data:  Gives  the  additional  rate  of 
fuel  flow  to  be  added  to  the  basic  rate  for  external  drag, 

(3)  Ground  Idle  Fuel  Flow  Data:  Gives  the  rate  fuel  Is  used  when 
the  aircraft  Is  on  the  ground  with  Its  engine  running. 

(4)  Gross  Weight  Limits  Data:  A check  on  whether  or  not  the  aircraft 
has  enough  lift  to  take  off  with  a given  weight. 

(5)  Velocity  Limits  Data  gives  the  optimum  (long  range)  speed  and 
maximum  rates  of  speed. 
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CHAPTER  3 


PERFORMANCE  DATA  TABLE  DESCRIPTIONS 


1 . GENERAL 

This  chapter  describes  each  of  the  five  basic  type  tables  used  for 
developing  flight  profiles.  The  variables  within  each  type  of  table  are 
described  as  well  as  how  the  specific  data  required  ran  be  extracted. 

2.  BASIC  FUEL  FLOW  OATA 

a.  The  basic  rate  of  fuel  flow*  is  determined  by  five  variables: 

(1)  Type  of  aircraft 

(2)  Altitude  (Air  Pressure)** 

(3)  Temperature*** 

(4)  Gross  Weight**** 

(5)  Flight  Mode 

b.  In  each  table  (see  Table  3-1)  within  the  basic  type,  the  first 
three  variables  are  held  constant  for  the  whole  table,  l.e.,  (a)  Type  of 
Aircraft,  (b)  Altitude  (Air  Pressure)  above  sea  level,  and  (c)  Tempera- 
ture. These  variables  are  stated  at  the  top  of  each  table. 

c.  There  are  five  rows  of  fixed  gross  weights:  12,000  lbs,  14,000 
lbs,  16,000  lbs,  18,000  lbs,  and  20,000  lbs.  The  ten  columns  are  fixed 
flight  modes. 

(1)  The  first  column  Is  Hover  In  Ground  Effect  (HIGE).  HIGE  Is 
used  for  hovers  at  a height  of  2 feet  or  less  and  a component  of  forward 
flight  10  kts  or  less. 

(2)  The  second  column  Is  Hover  Out  of  Ground  Effect  (HOGE).  This 
Is  used  for  hovers  at  a height  of  more  than  2 feet. 


AThe  baeia  fuel  flow  data  represents  a clean  dtxig  configuration  with 
all  doors  closed , no  wing  stores,  and  no  external  sling  loads. 

**All  altitudes  or  air  pressures  are  feet  above  sea  level. 

***For  simplicity,  all  temperatures  are  considered  to  be  the  average 

temperature  in  which  the  helicopter  is  operating  (Degrees  Centigrade). 
****Total  vehicle  weight  in  pounds. 


(3)  The  third  column  Is  Nap  of  the  Earth  (NOE).  This  Is  defined 

as  all  night  for  variable  speeds  from  0 to  40  kts  and  variable  altitudes. 

(4)  The  remaining  seven  columns  are  for  given  airspeeds*  (In  kts)  as 
the  flight  mode. 

d.  There  are  24  of  these  basic  fuel  flow  charts.  Each  chart  Is  for 
a different  combination  of  Air  Pressure  (Altitude)  and  temperature. 

Or  The  Bailc  Fuel  Flow  Data  Is  the  main  table  used  In  simulating 
a flight  profile.  For  example,  assume  a pilot's  flight  path  will  require 
30  minutes  of  flight  at  80  kts  airspeed,  4000  ft.  altitude,  15°C  and  a 
gross  weight  of  18000  lbs  In  a UH-60A  helicopter.  Using  Table  3-1  at 
a gross  weight  of  18000  lbs  and  an  airspeed  of  80  kts,  the  helicopter 
will  use  718  lbs/hr  fuel,  1,e.,  for  30  minutes,  356  lbs  of  fuel  will  be 
used. 


f.  The  gross  weights  values  selected  provide  the  basic  range  of 
load  carrying  capability  for  the  ten  flight  modes  of  the  BLACKHAWK  heli- 
copter. Within  the  gross  weight  band  shown,  linear  Interpolation**  Is 
quite  accurate  for  estimating  the  fuel  flow  ra^es. 

g.  For  example,  using  Table  3-1,  If  the  helicopter's  gross  weight 
was  17,000  lbs  and  If  the  flight  mode  was  60  kts,  the  fuel  flow  cannot 
be  found  directly.  But  by  Interpolating  between  60  kts.  16,000  lbs  - 
690  lbs/hr  and  18,000  lbs  - 745  lbs/hr,  the  basic  fuel  flow  rate  for 
17.000  lbs  Is  718  ibs/hr.  In  this  example.  If  the  helicopter  flies  In 
this  mode  for  30  minutes,  359  lbs  of  fuel  will  be  used. 

h.  As  altitude  and/or  temperature  changes  occur,  different  tables 
are  used  to  look  up  the  aircraft  s basic  fuel  flow  rate  for  each  leg  of 
the  flight  path,  tare  must  be  taken  that  the  proper  table  Is  used. 

1.  Appendix  A contains  a set  of  functions  that  will  give  a good 
approximation  of  the  basic  rate  of  fuel  flow. 

3.  DELTA  FUEL  FLOW  FOR  DRAG  DATA 

a.  The  delta  fuel  flow  for  drag  Is  also  determined  by  five  variables: 

(1)  Type  of  Aircraft 

(2)  Altitude  (Air  Pressure) 

(3)  Temperature 

(4)  Drag  Surface  (Equivalent  Square  Footage) 

( 5 ) A1 r Speed 


*All  references  to  airspeeds  are  to  true  airspeeds. 

**All  references  to  interpolation  are  linear  interpolations.  See  FPPH, 
Volume  I,  Chapter  3 for  a discussion  on  the  accuracy  of  interpolation. 
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TABLE  3-2 


b.  Like  the  basic  fuel  flow  tables,  there  are  24  tables  for  delta 
fuel  flow  tor  drag. 

c.  There  are  three  fixed  rows  of  equivalent  square  feet  of  drag: 

25  equivalent  sq  ft,  36  equivalent  sq  ft,  aid  54  equivalent  sq  ft. 

d.  The  seven  columns  are  for  airspeeds  In  kts  of:  40  kts,  60  kts, 
80  kts,  100  kts,  120  kts,  140  kts,  and  160  kts. 

e.  When  an  external  load  is  placed  on  the  helicopter,  the  amount  of 
fuel  consumed  per  hour  Increases.  The  delta  fue^  flow  for  drag  tables 
Indicate  how  much  extra  fuel  consumption  to  add  to  the  basic  fuel  flow 
rate. 


f.  In  the  example  given  earlier,  a 30  minute  flight  at  80  kts  airspeed, 
4000  ft  altitude,  15°C  and  a gross  weight  of  18,000  lbs  was  used.  Using 
the  basic  fuel  flow  tables,  the  basic  fuel  flow  rate  was  718  lbs/hr. 

Assuming  for  this  new  example  that  part  of  the  load  is  external  and 
Inducing  a 36  equivalent  sq  ft  external  drag,  the  delta  fuel  flow  for 

drag  (Table  3-2)  shows  53  lbs/hr  should  be  added  to  the  basic  fuel  flow 
rate.  Thus  the  basic  fuel  flow  rate  becomes  718  + 53  or  771  lbs  per 
hcur  and  for  a half-hour  flight,  33f  lbs  of  fuel  will  be  used  instead  of 
toe  359  lbs  figured  without  an  external  load. 

g.  Appendix  B contains  a function  that  will  give  a good  approximation 
of  the  delta  feel  flow  for  drag. 

4.  GROUK.)  I DLL  FUEL  FLOW  DATA 

a.  The  ground  Idle  fuel  flow  rate  Is  determined  by  only  three 
variables: 

(1)  Type  of  Aircraft 

(2)  Altitude  (Air  Pressure) 

(3)  Temperature 

b.  There  is  only  one  ground  Idle  fuc1  flow  table  (shown  as  Table  2-2). 
The  table  has  four  »ows  of  tonperavres:  -25°C,  -5°C,  15°C  and  35°C, 

and  sIa  olumns  of  altltries:  fed  level,  2000  ft,  4000  ft.,  6C:H)  ft., 

8000  ft.,  and  10000  ft. 

c.  The  ground  ’die  fuel  flow  table  is  used  as  discussed  In  the 
example  flight  prof.;e  In  Chapter  2 (Table  2-2).  The  UH-60A  helicopter 
Idling  for  20  minutes  at  2000  ft.  altitude  and  15°C,  (acrots  the  row 
labeled  1 5°C  and  down  the  column  labeled  2000)  f*nd  the  Intersection  at 
509.  Thus,  the  UH-60A  uses  509  Ibs/hr  at  these  conditions  and  since  It 
Is  Idling  for  20  minutes  or  1/3  of  an  hour.  It  will  use  170  lbs  of  fuel. 


d.  If  the  helicopter  had  only  beer  UH)l>  ft.  above  sea  level,  the  con- 
sumption rate  would  be  found  by  Interpolating  between  the  sea  level  rate 

of  549  lbs/hr  and  the  2000  ft.  rate  of  509  lbs/hr  which  would  be  529 
Ibs/hr.  In  1/3  of  an  hour  176  lbs  of  fuel  would  be  used. 

e.  Appendix  C contains  a function  that  will  give  a good  approxima- 
tion of  the  ground  Idle  fuel  flow. 

5.  GROSS  HEIGHT  LIMITS  OATA 

a.  Gross  weight  limits  tables  are  Intended  to  show  whether  or  not 
the  a rcraft  can  safely  take  off  for  four  sets  of  criteria.  These 
criteria  are  defined  In  the  following  paragraphs: 

(1)  Criteria  #1  Is  based  on  the  helicopter  using  100%  of  Maximum 
Power  for  take  off  and  having  enough  power  to  lift  straight  up  a d above 
ground  effect  (See  Figure  3-1).  Once  It  Is  In  hovering  above  ground 
effect  level  the  helicopter  begins  forward  flight  until  It  acquires, 
transitional  lift  and  Is  able  to  climb  at  450  ft/mln  (a  desired  standard 
rate  of  climb)  to  the  desired  altitude.  This  criteria  has  some  risk 
since  the  pilot  has  no  reserve  power.  It  has  less  risk  than  Criteria  #3 
but  more  than  Criteria  #2  thus  It  Is  considered  to  be  "Middle  of  the 
Road"  risk. 

(2)  Criteria  #2  (Figure  3-1)  Is  based  on  the  helicopter  using  95% 
of  Maximum  Power  for  take  off  and  enough  power  to  Immediately  begin  to 
climb  at  a rate  of  450  ft/mln.  This  Is  -the  least  risky  criteria  since 
the  pilot  has  power  In  reserve  and  Is  still  able  to  climb  at  a satisfactory 
rate. 


(3)  Criteria  13  (Figure  3-1)  has  the  most  risk.  Using  100%  of  Maximum 
Power  the  helicopter  will  only  hover  In  ground  effect.  Therefore,  at 

an  altitude  of  2 feet  or  less*  the  pilot  must  begin  forward  flight 
and  gradually  Increase  airspeed  to  acquire  transitional  lift  to  climb. 

The  reasons  for  Its  high  risk  are  readily  apparent.  First,  there  is  no 
power  In  reserve.  Second,  the  pilot  must  begin  forwara  flight  at  a 
very  low  altitude. 

(4)  Criteria  #4.  Structural  Gross  Weight  Limits  Is  the  total  upper 
limit  of  gross  weight  the  helicopter  can  carry  under  any  take  off  criteria. 

b.  Gross  Weight  Limits  are  determined  by  four  variables: 

(1)  Type  of  Aircraft 

(2)  Criteria  Chosen 

(3)  Altitude  (Air  Pressure) 

(41  Temperature 
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c.  Additionally,  Criteria  #1,  #2,  and  #3  differ  due  to  engine  power 
limits  or  transmission  power  limits  of  the  aircraft.  Thus  there  are  six 
tables: 


m 

Criteria 

#1 

(Due 

to 

engine) 

(2) 

Criteria 

#1 

(Oue 

to 

transmission) 

(3) 

Cri teria 

#2 

(Due 

t.0 

engine) 

(4) 

Criteria 

#2 

(Due 

to 

transmission) 

(5) 

Criteria 

#3 

(Due 

to 

engine) 

(6) 

Criteria 

#3 

(Due 

to 

transmission) 

d.  The  structural  gross  weight  limit  is  a single  value  for  each 
helicopter  and  Is  only  dependent  on  the  type  helicopter.  The  BLACKHAWK 
structural  gross  weight  limit  Is  given  as  20,250  lbs  and  Is  listed  at 
the  bottom  of  each  table.  As  the  name  Implies,  it  is  simply  not  safe  to 
expect  the  UH-60A  structure  to  maneuver  normally  when  the  total  weight 
Is  larger  than  that  value. 

e.  In  simulating  Inflight  profile,  the  gross  weight  limits  tables 
are  used  to  check  whether  the  aircraft  Is  going  to  be  too  heavy  to  take 
off  under  the  given  conditions.  \s  an  example,  assume  a B! \CKHAWK  pilot 
planned  a mission  that  called  for  using  take  off  criteria  #1  and  the 
take  off  was  to  be  at  6000  ft.,  I5°C,  and  a gross  weight  of  18,300. 

Three  checks  would  be  required:  First,  does  this  gross  weight  exceed 
the  structural  gross  weight  limit?  Second,  does  it  exceed  Criteria  #1 
(due  to  transmission)?  Third,  does  It  exceed  Criteria  #1  (due  to  engine)? 
In  the  example  given,  the  ant-wor  to  all  three  questions  Is  "No",  the 

take  o*f  will  not  exceed  aircraft  limits.  (Tables  3-3  and  3-4) 

f.  If  the  assigned  gross  weight  had  been  19,000  lbs,  it  would  have 
exceeded  the  value  given  for  6,000  ft.  and  15°C  at  Criteria  #1  (Due 

to  engine).  (Table  3-3)  The  mission  could  not  be  flown  as  planned. 

The  plan  could  be  charged,  for  example  to  take  off  at  4000  ft.  (which 
might  not  be  practical)  or  change  to  take  off  Criteria  #3  (which  is  more 
risky  but  has  higher  limits). 

g.  If  the  assigned  gross  weight  had  been  20,300  lbs..  It  would  have 
exceeded  the  structural  limits.  To  perfor  the  mission  the  only  choices 
would  be  to  lighten  the  load  or  get  another  type  helicopter. 

h.  Appendix  0 contains  a set  of  functions  that  will  give  a good 
approximation  of  the  gross  weight  limits  for  takeoff. 


TABLE  3-3 


GROSS  WEIGHT  Ll^iTS 


6. 


VELOCITY  LIMITS  DATA 


a.  There  are  various  types  of  data  given  In  these  tables  but  like 
the  gross  weight  limits  tables,  they  are  primarily  restraints  on  what 
can  be  expected  of  a helicopter  In  planning  a mission  profile.  Velocity 
limits  tables  are  Influenced  by  five  variables: 

(1)  Type  of  aircraft 

(2)  Air  pressure  (altitude) 

(3)  Temperature 

(4)  Gross  weight 

(5)  Condition  or  limit 

b.  Items  (1)  through  (4)  are  self-explanatory.  There  are  five  types 
of  Information  that  can  be  listed  under  (5): 

(1)  Long  range 

(2)  Maximum  continuous  power 

(3)  Maximum  power  (due  to  engine  limits) 

(4)  Transmission  limits 

(5)  V (velocity  never  exceed) 

ne 

c.  For  each  aircraft,  there  are  24  Velocity  Limits  Tables  depending 
on  air  pressure  and  temperature  combination.  Table  3-5  Is  an  example  of 
the  content  of  the  Velocity  Limits  Table. 

d.  The  two  columns  under  Long  Range  (Table  3-5)  give  the  optimum 
speed  and  fuel  flow  for  each  set  of  variables  #1  through  #4  above.  Thus 
the  BLACKHAWK  helicopter  operating  at  2000  ft.,  temperature  15°C,  and 
having  a gross  weight  of  18,000  lbs  will  fiy  a longer  distance  If  the 
velocity  Is  kept  at  138  kts  and  will  use  964  lbs/hr  of  fuel  at  that 
velocity. 

e.  Maximum  continuous  power  gives  the  fastest  speed  at  which  a 
helicopter  can  fly  for  long  periods  (30  minutes  or  more)  and  the  associated 
fuel  flow  rate.  An  example  from  Table  3-3  would  be  a BLACKHAWK  helicopter 
at  2000  ft.  and  15°C  weighing  18,000  lbs  could  fly  154  kts  with  a fuel 
usage  of  1174  lbs/hr. 


velocity  limits  table 


f.  Maximum  power  (engine  and  transmission  limits'*  shew  the  max  Imam 
speeds  the  aircraft  can  structurally  attain  for  short  penods  of  tlie 
(less  than  30  minutes).  Thus  the  BLACKHAWK  helicopter  at  2000  ft  aid 

1 5°C  weighing  18,000  ibs  has  an  engine  that  Is  capable  of  producing 
enough  power  to  fly  166  kts  but  the  transmission  limits  the  aircraft  to 
163  kts.  Between  these  two  columns  then,  the  flight  c&nnot  exceed  163 
kts  with  a fuel  flow  rate  of  1351  lbs/hr. 

g.  There  Is  another  limiting  factor  called  VMe  (velocity  never 
exceed).  This  velocity  limit  is  determined  by  helicopter  structural 
considerations.  Vne's  for  the  BLACKHAWK  are  not  Included  In  this  edition 
of  the  FPPH  but  will  be  included  In  later  editions  when  the  data  Is 
established. 

7.  DETAILED  FLIGHT  PROFILE  USING  ALL  PERFORMANCE  DATA  TABLES 

The  example  of  a Flight  Profile  In  Chapter  2 was  Intentionally  simplified 
to  assure  clarity.  The  description  of  the  various  tables  In  this  hand- 
book, however,  Indicates  a more  complex  set  of  considerations  are  normally 
encountered  In  developing  the  flight  profile.  With  the  description 
provided  In  this  chapter,  additional  information  should  be  Included  In 
the  flight  plan  beyond  that  shown  In  the  example  and  a suggested  format 
Is  provided  below  In  Table  3-4. 


TABLE  3-6 


Helicopter: 

Altitude: 

Temperature: 


LEG 

DISTANCE 

AS 

CHECK 

VELOCITY 

LIMIT 

TIME 

GW  (LBS) 

DRAG 

FUEL 

• 

Needed  for  each  take  off: 

Weight  at  take  off: 

Type  of  take  off: 

Check  transmission  limits: 

Check  engine  limits: 

Check  structural  gross  weight  limit: 


CHAPTER  4 


BLACXHAUK  PERFORMANCE  DATA  TABLES 


GENERAL 

The  following  tables  are  the  major  Information  presented  In  this  hand- 
book. If  the  procedure  for  using  them  Is  understood,  a flight  profile 
for  the  BLACKHAWK  helicopter  can  be  prepared  In  a matter  of  a few  hours. 
The  performance  data  contained  have  been  reviewed  for  accuracy  and  are 
corrected  to  the  best  of  our  knowledge.  The  tables  are  organized  In 
the  following  manner: 

Tables  4-1  to  4-24  Basic  Fuel  Flow  Data 

Tables  4-25  to  4-48  Delta  Fuel  Flow  for  Drag  Data 

Table  4-49  Ground  Idle  Fuel  Flow  Data 

Tables  4-50  to  4-55  Gross  Weight  Limits  Data 

Velocity  Limits  Data 


Tables  4-56  to  4-79 


A*IC  FUEL  FLO# 
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TABLE  4-4 


TABLE  4-5 


TABLE  4-6 


TABLE  4-S 


TABLE  4-10 
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TABLE  4-76 


VELOCITY  LIMITS  table 
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velocity  limits  table 


There  are  four  functions  that  can  be  used  to  calculate  the  basic  fuel 
flow  for  the  UH-6QA  helicopter.  In  order  to  use  the  functions  the 
following  data  Is  needed: 

1 . FI Ight  Mode 

Zr  lewperacure 

3.  Pressure  (altitude) 

4.  Gross  weight 

Which  of  the  four  functions  will  be  used  depends  on  the  flight  mode. 
The  first  function  Is  for  HIGE  (Hover  In  Ground  Effect). 

FF  (HIGE)  - f (TEMP,  ALT.  GW) 

The  second  function  Is  for  HOGE  (Hover  Out  of  Ground  Effect). 

FF  (HOGE)  * f (TEMP,  ALT,  GW) 

The  third  function  Is  for  NOE  (Nap  of  the  Earth). 

FF  (NOE)  • f (TEMP,  ALT,  GW) 

The  fourth  function  Is  for  Forward  Flight. 

FF  (Forward  Flight)  - f (AS,  TEMP,  ALT,  GW) 

The  equation  for  FF  (HIGE)  Is: 

FF  (HIGE)  - A (ALT)  + 8 (TEMP)  + C (GW)  + D (ALT) (TEMP) 

+ E (ALT)  (GW)  + F (TEMP)  (GW) 

+ G (ALT)  TEMP)  (GW)  + K 


Where  ALT  Is  the  altitude,  TEMP  Is  the  temperature  and  GW  Is  the 
gross  weight  and  the  constants  have  the  following  values: 


A - “2.36671245  X 10"2 
B-  1.4961322  X 10'1 
C « 3.27971615  X 10“2 
0 - -2.76576072  X 10"5 


E * 1.14598178  X 10'6 
F - 5.'  >408472  X 10”5 
G - 1.72859935  X 10"9 
K - 2.77779198  X 102 
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Th'f  equation  for  FF  (HOGE)  It  exactly  the  same  for*  as  FF  (HIGE). 
A new  set  of  values  for  the  constants  Is  used.  These  values  are: 


A ■ -4.22082637  X 10‘2 

E - 

B • -3.34395766  X 10’2 

F - 

C - 5.21710273  X 10"2 

G ■ 

D - -6.18146896  X 10"5 

K - 

The  equation  for  FF  (NOE)  Is 

once  agi 

values  for  the  constants  are 

• 

• 

A » -4.13708738  X 10"2 

E - 

B - 1.00027338  X 10"1 

F - 

C ■ 3.97294145  X 10"2 

G ■ 

D - -2.30705413  X Id"4 

X - 

F - 8.61792723  X 10' 
4.73930817  X 10 


-9 


1.62979187  X 10* 


2.58315822  X 10 
F - 6.16531179  X 10' 
1.76110437  X 10 
2.49696922  X 102 


-6 


•8 


For  the  Forward  Flight  modes  the  form  of  tl.e  equation  Is: 

FF  « A( AS)  + B(AS2)  4 C ( AS3 ) 4 D(TEMP)  4 E(GW)  4 F ( ALT ) 4 G(AS3)(TEMP) 
4 H(ASr)(TEHP)  4 I(A$)(TEMP)  4 J(AS3)(SW)  4 K(AS2)(GW) 

4 L { AS ) (GW ) 4 M(AS3)(ALT)  ■>  N(AS2)(ALT)  4 0(AS)(ALT)  4 P(TEMP)(GW) 

4 Q(TEMPHALT)  4 R ( GW ) ( ALT ) 4 S (TEMP) (GW)  (ALT)  4 T 


Where  AS  Is  the  air  speed  ■'/»  fcts  ar, 
A • -1 .75503817  X ’J 
B - 2.60824643  X 19 1 
C » -9,75638628  X 10’4 
D - -5.36766827 
E » 3.93689685  X Hi" 2 
F - -5.07360115  X 10"2 
G - 6.7493599.  X 10"6 
H - -2.75745546  X 10"3 
I - 2.37587094  X 1U"1 
J » 2.82843517  X 10"8 


the  values  of  the  constants  are: 


X - 

-3.2272538  X 

t£» 

f 

O 

L - 

-2.52148136  X 

10"4 

M - 

2.82405971  X 

10-8 

H - 

-7.29170938  X 

19’6 

0 ■ 

4.6046175  X 

»0“4 

P - 

9.07814137  X 

10-6 

Q - 

1.92548687  X 

10-5 

R - 

2.29283282  X 

10"6 

S ■ 

1.13825678  X 

10"9 

T - 

7.30430611  X 

102 

These  functions  el low  anyone  with  a simple  calculator  to  figure 
the  fuel  flow  of  the  aircraft  and  bypass  both  looking  up  the  values 
and  Interpolating  for  points  In  between  the  data  points  In  the  tables. 

The  above  equations  calculate  the  basic  fuel  flow  for  the  BlACKHAWK 
helicopter  with  the  following  accuracies: 

FF  (H1GE ) - 99.51% 

FF  (HOGE)  - 98.99% 

FF  (NOE ) - 98.45% 

FF  (Forward  Flight  ) - 98.08% 
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The  function  telcw  will  calculate  the  delta  fuel  flow  for  drag  for 
the  UK-6QA  helicopter.  Recall  from  the  discussion  In  chapter  three 
that  this  value  Is  added  to  the  basic  fuel  flow  value  whenever  drag  Is 
Increasing  the  rate  of  fuel  flow.* 

In  order  to  use  the  function  the  following  data  Is  needed: 

1.  Air  Speed  (AS) 

2.  Equivalent  Square  Footage  of  Drag  (SQ) 

3.  Temperature  (TEMP)  in  degrees  centigrade 

4.  Altitude  (ALT)  In  feet  above  sea  level 
That  Is: 

FF  (Drag)  - f ( AS,  SQ,  TEMP,  ALT) 

The  equation  for  FF  (Drag)  Is: 

FF  (Drag)  * A(AS)  + B( AS2)  + C( AS3)  + D(TEMP)  + E (SQ)  + F ( ALT ) 

♦ G(AS3)(TEMP)  + H(AS2)(TEM)  + I(ASHTEMP)  ♦ J (AS3) (SQ)  + K(AS2)(SQ) 

+ L(AS)SQ)  + M(AS3)(ALT)  + N(AS2)(ALT)  ♦ 0(AS)(ALT)  + P(TEMP)(SQ) 

+ Q (TEMP ) ( ALT ) + R ( SQ ) < ALT ) + S ( SQ )( ALT )( TEMP ) + T 


Where  the  constants  have  the 

following 

values: 

A 

-1.03805 

K 

m 

-4.74201969  X 

10"3 

B 

1.52967332  X 

io'2 

L 

at 

3.49346161  X 

10'1 

C 

-5.13607656  X 

10-5 

M 

a 

-1.98065486  X 

io-8 

D 

5.11014169 

N 

a 

3.76338545  X 

10"6 

E 

-6.55957258 

0 

B 

-2.77729705  X 

10“4 

F 

1.45140886  X 

io'2 

P 

S 

-4.76768687  X 

10-2 

G 

-9.29436328  X 

10-6 

Q 

m 

-1.71242659  X 

io-5 

H 

2.10173801  X 

10-3 

R 

M 

-2.20640219  X 

10"4 

I 

-1.5564549  X 

10”’ 

S 

* 

1.64278312  X 

io-6 

J 

2.3078537  X 

10‘5 

T 

m 

-2.67658615  X 

10 

*There  is  no  delto,  fuel  flow  for  drag  for  HIGE}  HOGE  or  NOE  flight . 
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! 

i 

! This  equation  calculates  the  delta  fuel  flow  for  drag  value  with 

! an  accuracy  of  99.33%.  It  should  be  noted  that  In  sone  instances  the 

computed  value  will  be  negative.  If  this  occurs,  zero  (0)  should  be 
used  as  the  value  for  de'ta  fue1  flow. 


The  function  below  will  calculate  the  ground  idle  fuel  flow  rate  for 
the  UH-6QA  helicopter.  In  order  to  use  the  function  the  following  data 
Is  needed: 

1.  Temperature  (TEMP)  In  degrees  centigrade. 

2.  Altitude  (ALT)  In  feet  abnve  sea  level. 

That  Is: 

FF  (Idle)  * f (TEMP,  ALT) 

The  equation,  for  FF  (Idle)  Is: 

FF  (Idle)  - A(TEMP)  + 8 { ALT ) + C(T£MP)(ALT)  + D(TEMP2)  + E(ALT2)  ♦ F 
Where  the  constants  have  the  following  values: 

A * -3.47589254  X 10"1  D = 4.68750088  X 10“3 

B * -1.84255231  X 10"2  E * 1.36159557  X 10“7 

C * 6.42851774  X 10'7  F - 5.53937698  X 102 

This  equation  calculates  the  ground  idle  fuel  flow  rate  with  an 
accuracy  of  99.85X 
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APPENDIX  D 


FUNCTIONS  FOR  CALCULATING  GROSS  WEIGHT  LIMITS  FOR  TAKEOFF 


The  functions  given  below  will  calculate  the  gross  weight  limits 
fo»-  take  off  for  the  UH-60A  helicopter.  Each  of  the  functions  Is  of 
the  same  basic  form  with  the  values  of  the  constants  changing  depending 
on  which  take  off  criteria  Is  being  used.  In  all  cases  the  Structural 
bross  Weight  Limit  of  the  UH-60A  helicopter  Is  20,250  lbs. 

In  order  to  use  the  functions  the  following  data  Is  needed: 

1.  Temperature  (TEMP)  In  degrees  centigrade 

2.  Altitude  (ALT)  In  feet  above  sea  level 


That  Is: 

GW  (Limit)  - f (TEMP,  ALT) 

The  basic  equation  for  GW  (Limit)  Is: 

GW  (Limit)  - A (TEMP)  ♦ B(ALT)  + C(TEMP)(ALT)  + D 

For  take  off  criteria  #1  the  equation  must  be  used  twice,  once  using 
the  engine  limit  constants  and  once  using  the  transmission  limit  constants. 
For  take  off  criteria  #1  the  constants  for  engine  limits  are: 

A - -7.53214264  X 10  C • 1.84378553  X 10’3 

B - -7.40458168  X 10”1  0 - 2.35560115  X 104 

For  take  off  criteria  #1  the  constants  for  transmission  limits  are: 

A « -2.17190464  X 10  C - 1.07642722  X 10"4 

B - -2.20013201  X 10”1  D « 2.17659282  X 104 

For  take  off  criteria  #2  two  checks  must  also  be  made.  The  constants 
for  engine  limits,  take  off  criteria  #2  ar^: 

A * -7.09054737  X 10  C - 1 . 7^'' — ^843  X 10"3 

B - -6.97222464  X IQ**1  D - 2. 21c. ^47  X 104 

For  take  off  criteria  #2  the  constants  for  transmission  limits  are: 

A • -2.0609287  X 10  C - 8.73573872  X 10"5 

B - -2.09254643  X 10"1  0 “ z*12580105  x 1q4 


. i-)>i  U-vh...  - aikMixaa 
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Also  for  toko  off  criteria  #3  two  chocks  must  bo  made.  The  constants 
for  engine  limits,  take  off  criteria  #3  are: 

A - -9.96414289  X 10  C • 2.43828606  X 10~3 

B • -9.80798528  X 10*1  0 • 3.12036589  X 104 

for  take  off  criteria  #3  the  constants  for  transmission  limits  are: 

A • -2.84426184  X 10  C - 1.02857094  X 10’4 

B - -2.90585697  X 10-1  0 > 2.88286533  X 104 

This  equation  with  the  various  sets  of  constants  gives  results  that 
are  95.131  accurate  or  better. 
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DRDAV-EQA(A) 

SUBJECT:  Short  Description  of  UH-6QA  BLACKHAWK  Performance  Data 
Provided  to  TRADOC  Systems  Analysis  Activity  (TRASANA) 


MFR: 

1 . References : 

a.  UH-60A  Utility  Tactical  Transport  Aircraft  System,  Prime  Item 
Development  Specification,  1 Nov  76. 

b.  Determination  of  the  Effects  of  Rotor  Blade  Compressibility 
on  the  Performance  of  the  UH-1F;  FTC-TR-65-17. 

2.  The  performance  data  presented  to  TRASANA  Is  the  result  of  combining 
the  helicopter  power  required,  engine  power  available  and  engine  fuel 
flow  characteristics.  The  UH-60A  power  required  was  calculated  for  the 
required  altitude  and  temperature  combinations  from  a non-dimensional 
representation  of  engine  power  required  (coefficient  of  power)  v.s. 
gross  weight  (coefficient  of  thrust)  and  true  airspeed  (advance  ratio). 

The  non-dimensional  engine  power  required  was  extracted  from  reference 
a.  All  performance  In  ground  effect  represents  a 2 foot  wheel  height. 

A temperature  dependent  correction,  based  on  the  method  outlined  In 
reference  b,  was  made  to  the  power  required  to  account  for  compressibility 
which  could  not  be  accounted  for  in  the  non-dimensional  representation. 

3.  The  T700-GE-J00  engine  power  available  (which  was  used  In  combination 
with  the  power  required  to  find  helicopter  take  off  and  speed  limits), 
was  calculated  for  the  various  altitude  and  temperature  combination,  by 
the  use  of  the  T700-GE-700  engine  specification  computer  program. 

4.  The  engine  fuel  flow  at  a particular  altitude  and  temperature  combina- 
tion was  derived  from  a representative  referred  fuel  flow  as  a function 

of  referred  engine  power.  The  referred  fuel  flow  curve  was  constructed 
by  use  of  the  T700-GE-700  engine  specification  computer  program  which 
calculated  fuel  flows  at  various  engine  power  levels  and  atmospheric 
conditions.  The  fuel  flows  were  then  corrected  to  reflect  5*  conservatism. 
A referred  parameter  Is  one  which  is  divided  by  temperature  and  pressure 
ratios  In  order  to  represent  all  atmospheric  conditions  by  one  function. 

5.  The  never  exceed  speeds  (Vne)  have  not  been  formally  established  for 
the  production  UH-60A  and  are,  therefore,  not  presented  at  this  time. 


/s/  JAMES  A.  O'MALLEY 
JAMES  A.  0'MAL_tY 


